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RECORDING AGENT, IMAGE FORMING DEVICE, AND 
IMAGE FORMING METHOD 

This Nonprovisional application claims priority under 
35 U.S.C. § 119(a) on Patent Application No. 2003/089283 
filed in Japan on March 27, 2003, the entire contents of 
which are hereby incorporated by reference. 

FIELD OF THE INVENTION 
The present invention relates to a recording agent, an 
image forming device and an image forming method which 
are used for reproduction of images with a photocopier or a 
printer. 

BACKGROUND OF THE INVENTION 
Generally, an image recorded on a paper etc. through 



subtractive color mixing has a narrower color reproduction 
range than a displayed image that is outputted through 
additive color mixing. With this fact, in the technical field 
adopting the subtractive color mixing for outputting an 
image as a result of image processing, there have been 
inquisitions for various color materials or researches of 
usage of fluorescent materials so as to enlarge color 
reproduction range and to improve hue. 

One example of such researches for realizing 
enlargement of color reproduction range and improvement 
of hue can be found in a color image forming method 
disclosed in Japanese Laid-Open Patent Application 
Tokukai 2000-181170 (published on June 30, 2000). 
According to this image forming method of the Document 1, 
colors are compensated during formation of a hard copy 
through subtractive color mixing by adding a fluorescent 
material to ink (color material) of a color component so as 
to enlarge color reproduction range and/or improve hue. 
With this method, the Document 1 obtains a color 
reproduction range almost as wide as that of an image 
outputted through a CRT (Cathode-Ray Tube) even for a 
hard copy reproduced based on the subtractive color 
mixing. 

More specifically, the method of the Japanese 
Laid-Open Patent Application Tokukai 2000-181 170 
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(hereinafter referred to as a Document 1) carries out 
additive color mixing with respect to ink of a coloring 
component used for a color image forming method, by 
adding a fluorescent material having a luminescence 
characteristic to the ink. This results in cancellation of 
sub-absorbency, which is a characteristic of the ink of a 
coloring component. Namely, the Document 1 realizes 
enlargement of color reproduction range by carrying out 
subtractive color mixing with ink of a color component 
which additionally includes a fluorescent material. 

Further, as described in the foregoing publication 
Tokukai 2000-181170 in Paragraph 0011, the color 
compensation in the foregoing case refers to generation of 
change in at least one of absorbency of color, absorption 
waveform, half value breadth, absorption peak, color purity, 
brightness and saturation. Accordingly, the foregoing color 
compensation is performed by changing absorbency etc. of 
color in the ink of a color component. 

Further, According to the Document 1, the 
fluorescent material is added to the ink of a color 
component in an amount or in a ratio for offering -0.3 or 
greater absorbency throughout the whole wavelength. Note 
that, in the embodiments described in the Document 1, the 
compounding ratio of the fluorescent material added to the 
ink of a color component is specified at or lower than 5%. 



The document 1 states that this ratio is determined in 
consideration of suppression of fluorescence generated in 
the ink of a color component, so as to get rid of other effects 
than color compensation. 

However, image output induces no degradation of 
picture quality in some cases even with the fluorescence 
generated by addition of a fluorescent material into the ink 
of a color component, since the brightness of fluorescent 
ink is enhanced and results in superior picture quality. 
Further, there are some difficulties in practice to cancel the 
sub-absorption of the ink of a color component only by the 
addition of a fluorescent material in a ratio of as small as 
around 5% to the ink of a color component. Besides, the 
addition of this amount causes few changes in hue, 
brightness or saturation of the ink. As a result, neither 
color compensation nor enlargement of color reproduction 
range can be achieved. 



SUMMARY OF THE INVENTION 
The present invention is made in view of the foregoing 
conventional problems, and an object is to provide a 
recording agent (ink) of a color component used for color 
reproduction through subtractive color mixing and capable 
of realizing enlargement of color reproduction range of 
images reproduced. The present invention also provides an 
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image forming device and an image forming method using 
the recording agent. 

In order to solve the foregoing problems, a recording 
agent according to the present invention is a recording 
agent of a color component used for color reproduction 
through subtractive color mixing, the recording agent 
mainly containing a first coloring agent expressing the color 
component and a second coloring agent identical in hue to 
the first coloring agent, the recording agent having a higher 
spectral reflectance than a spectral reflectance of the first 
coloring agent. 

With this arrangement, the recording agent mainly 
contains a first coloring agent expressing one of the color 
components for subtractive color mixing and a second 
coloring agent identical in hue to the first coloring agent. 
Further, this recording agent has a higher spectral 
reflectance than the first coloring agent. Therefore, the 
recording agent is the same in hue range as the first 
coloring agent, but higher in brightness and/ or saturation 
than the first coloring agent. In other words, the recording 
agent mainly containing the first and second coloring 
agents has the same hue range as that of the first coloring 
agent, but performs reproduction with colors of high 
brightness and/or saturation, which cannot be achieved by 
a recording liquid made only of the first coloring agent. 
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On this account, by using the foregoing coloring 
agent as a color component for subtractive color mixing, it 
is possible to reproduce color higher in brightness and/or 
saturation, which cannot be achieved by composition of first 
coloring liquid and another coloring liquid having different 
hue, thus enlarging color reproduction range. 

Note that, the recording agent refers to such as ink, 
toner, liquid dye, paint or liquid in which pigment is 
dispersed, which are used for forming an image on a 
recording medium. Further, the hue refers to types of 
color (colors identified as red, yellow, or blue) differentiated 
by a predetermined hue angle range in a chromatography, 
or a value found by chroma a* and b* in a L*a*b* color 
system. Further, the hue angle refers to an angle created 
by a direction denoting a color and a direction denoting a 
base color in a Munsell hue circle, a chromatography or a 
L*a*b* color system. 

In order to solve the foregoing problems, an image 
forming device according to the present invention includes 
recording agents of plural color components different in hue 
so as to form an image on a recording medium through 
subtractive color mixing, the image forming device including 
a plurality of head sections with a plurality of discharging 
sections for individually discharging on the recording 
medium a first coloring agent expressing one of the color 
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components and a second coloring agent identical in hue as 
the first coloring agent so as to mix the first coloring agent 
and the second coloring agent on the recording medium in 
order to generate a color component having a spectral 
reflectance higher than a spectral reflectance of the first 
coloring agent. 

With this arrangement, the image forming device 
includes a plurality of head sections with a plurality of 
discharging sections for individually discharging the first 
coloring agent of one of the color components for 
subtractive color mixing, and the second coloring agent in 
the same hue. With this function, the first coloring agent 
and the second coloring agent may be applied onto the same 
or adjacent portions of the recording medium. Thus, it is 
possible to mix the first coloring agent and the second 
coloring agent in the same hue on the recording medium, 
thus creating a color component identical in hue to the first 
coloring agent. 

Note that, in an image forming device using a 
recording agent created by previously mixing the first 
coloring agent and the second coloring agent in the same 
hue in a specific compounding ratio, the colors to be 
expressed are automatically determined. On the other 
hand, the image forming device of the present invention 
applies the first coloring agent and the second coloring 
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agent from the head sections and then mix the two coloring 
agents on a recording medium. With this structure, the 
two coloring agents can be mixed in an arbitrary 
compounding ratio, thus achieving a wider color 
reproduction. 

Thus, by carrying out color reproduction through 
subtractive color mixing with this image forming device, it 
is possible to reproduce colors higher in brightness and/or 
saturation, which cannot be achieved by the first coloring 
agent, thus enlarging color reproduction range. Further, 
since the first and second coloring agents are mixed at an 
arbitrary ratio, it is possible to obtain a wider color 
reproduction range than the recording agent containing the 
first coloring agent and the second coloring agent at a 
specific ratio. 

In order to solve the foregoing problems, an image 
forming method according to the present invention is a 
method for forming an image with recording agents of plural 
color components different in hue, each of the recording 
agents being created by a first coloring agent expressing 
one of the color components and a second coloring agent 
identical in hue to the first coloring agent, the recording 
agent having a color component with a higher spectral 
reflectance than a spectral reflectance of the first coloring 
agent. 



With this arrangement, the recording agent is created 
by mixing the first coloring agent expressing one of the 
color components for subtractive color mixing, and the 
second coloring agent identical in hue to the first coloring 
agent. Further, this recording agent has a higher spectral 
reflectance than that of the first coloring agent. On this 
account, by using the recording agent as the color 
component for subtractive color mixing, it is possible to 
reproduce color higher in brightness and saturation than 
the use of the first coloring agent, thus enlarging color 
reproduction range. 

Additional objects, features, and strengths of the 
present invention will be made clear by the description 
below. Further, the advantages of the present invention will 
be evident from the following explanation in reference to the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a perspective view illustrating an image 
output device according to one embodiment of the present 
invention. 

Figure 2 is a perspective view illustrating a head 
provided in the image output device. 

Figure 3 is a drawing showing a reflectance spectrum 
of magenta non-fluorescent coloring liquid. 



« 
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Figure 4 is a drawing showing a reflectance spectrum 
of yellow non-fluorescent coloring liquid. 

Figure 5 is a drawing showing a reflectance spectrum 
of magenta non-fluorescent coloring liquid. 

Figure 6 is a drawing showing a reflectance spectrum 
of yellow non-fluorescent coloring liquid. 

Figure 7 is a drawing showing a reflectance spectrum 
of mixed magenta ink that is created by mixing yellow 
non-fluorescent coloring liquid and magenta 
non-fluorescent coloring liquid. 

Figure 8 is a drawing showing a reflectance spectrum 
of mixed yellow ink that is created by mixing yellow 
non-fluorescent coloring liquid and yellow fluorescent 
coloring liquid. 

Figure 9 is a drawing showing hue angle, saturation 
and brightness of mixed magenta ink that is created by 
mixing magenta non-fluorescent coloring liquid and 
magenta fluorescent coloring liquid. Figure 9(a) shows hue 
angle for each compounding ratio, (b) shows saturation for 
each compounding ratio, and Figure 9(c) shows brightness 
for each compounding ratio. 

Figure 10 is a drawing showing hue angle, saturation 
and brightness of mixed yellow ink that is created by mixing 
yellow non-fluorescent coloring liquid and yellow 
fluorescent coloring liquid. Figure 10(a) shows hue angle 



for each compounding ratio, Figure 10(b) shows saturation 
for each compounding ratio, and Figure 10(c) shows 
brightness for each compounding ratio. 

Figure 1 1 is a three-dimensional graph showing a 
L*a*b* space in which the L*a*b* values of the mixed 
magenta ink and the mixed yellow ink and the L*a*b* values 
of magenta ink, yellow ink, and cyan ink are plotted. 

Figure 12 is a graph showing the difference between 
colors of mixed magenta ink and mixed yellow ink that are 
created by actually mixing non-fluorescent coloring liquid 
and fluorescent coloring liquid, and the colors found by 
calculation. This graph shows the color difference AE as a 
function of y. 

Figure 13 is a block diagram showing an arrangement 
of a digital color photocopier according to the embodiment. 

Figure 14 is a perspective view illustrating a head 
provided in an image output device according to another 
embodiment of the present invention. 

Figure 15 is a block diagram illustrating a structure 
of a computer according to another embodiment of the 
present invention. 

Figure 16(a) is a drawing showing an ideal spectral 
reflectance of magenta and a spectral reflectance of 
magenta non-fluorescent coloring liquid, and Figure 16(b) is 
a drawing showing an ideal spectral reflectance of yellow 



- 12 - 



and a spectral reflectance of yellow non-fluorescent coloring 
liquid. 

DESCRIPTION OF THE EMBODIMENTS 
[First Embodiment] 

The present invention relates to a recording agent 
having color components for reproducing colors according 
to a subtractive color mixing. The recording agent having 
color components can be created by mixing a 
non-fluorescent coloring liquid as a first coloring agent for 
the color components, and a fluorescent coloring liquid as a 
second coloring agent which has the same hue as that of 
the first coloring agent. 

Here, the recording agent refers to such as ink, toner, 
liquid dye, paint or liquid in which pigment is dispersed, 
which are used for forming an image on a recording medium. 
Further, the hue in the present embodiment refers to types 
of color differentiated by a predetermined hue angle range 
in a chromatography, or a value found by chroma a* and b* 
in a color system. Further, the hue angle refers to an 
angle created by a direction denoting a color and a direction 
denoting a base color in a Munsell hue circle, a 
chromatography or a L*a*b* color system. Furthermore, a 
recording medium in the present embodiment refers to such 
as a recording paper used for recording/ reproducing an 
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image with an image output device such as a printer, 
photocopier or the like. 

One embodiment of the present invention will be 
described below with reference to Figures. Firstly, the 
following describes a schematic structure of a digital color 
photocopier, which is used for enforcing an image forming 
method of the present embodiment. The digital color 
photocopier functions as a photocopier and also as a 
multi-functional device. Figure 13 shows one example of 
the structure of the digital color photocopier. The digital 
color photocopier 1 in this example includes a color image 
input device 2, a color image processing device 3, and a 
color image output device 4. With this structure, this 
digital color photocopier 1 carries out image forming by 
inputting an image through the color image input device 2, 
processing the inputted image through the color image 
processing device 3, and printing the processed image 
through the image output device 4. 

The color image input device 2 (hereinafter referred to 
as an image input device 2) is made up of a scanner section 
including a CCD (Charge Coupled Device), which reads a 
reflected image of a document as an analog signal having R 
(Red), G (Green) and B (Blue) components, and outputs the 
analog signal to the color image processing device 3. 

As shown in Figure 13, the color image processing 



- 14 - 



device 3 (hereinafter referred to as an image processing 
device 3) includes an A/D conversion section 10, a shading 
compensation section 11, an input gradation compensation 
section 12, an area dividing processing section 13, a color 
compensation section 14, a black generation undercolor 
removal section 15, a spatial filter processing section 16, an 
output gradation compensation section 17, a gradation 
reproduction processing section 18, and an output 
conversion section 19. The image processing device 3 is 
connected to the image input device 2 and the image output 
device 4 to constitute the digital color photocopier 1. 

The analog signal read by the image input device 2 is 
converted into digital image data by the A/D conversion 
section 10. The digital image data is sent to the shading 
compensation section 11, the input gradation compensation 
section 12, the area dividing processing section 13, the 
color compensation section 14, the black generation 
undercolor removal section 15, the spatial filter processing 
section 16, the output gradation compensation section 17, 
the gradation reproduction processing section 18, and the 
output conversion section 19 in this order; and is outputted 
to the color image output device 4 as digital image data 
having C (Cyan), M (Magenta), Y (Yellow), and K (Black) 
components. The structure of the image processing device 
3 will be more specifically described later. 
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The color image output device 4 (hereinafter referred 
to as an image output device 4) is an inkjet printer for 
outputting a color image on a paper as a recording medium 
based on the digital image data having C, M, Y and k 
components which is sent from the image processing device 
3. The structure of the image output device 4 will be more 
specifically described later. 

The A/D (Analog to Digital) conversion section 10 is a 
block for carrying out sampling and quantization with 
respect to the analog signal of R, G and B so as to generate 
a digital image data, which is then outputted to the shading 
compensation section 11. 

The shading compensation section 1 1 is a block for 
carrying out shading compensation so as to remove various 
deformations, which is occurred in a illumination system, in 
an image forming section, and in a filming section of the 
image input device 2, from the digital image data of R, G 
and B sent from the A/D conversion section 10. Then, the 
digital image data of R, G and B having been through the 
shading compensation is outputted to the input gradation 
compensation section 12. 

The input gradation compensation section 12 carries 
out processing for adjusting color balance of the digital 
image data of R, G and B having been liberated from various 
deformation by the shading compensation section 11, and 
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also converts the digital image data into a signal which can 
be easily compatible with an image processing system used 
in the color image processing device 3. This can be 
conversion from a reflectance signal into a deepness signal. 

The area dividing processing section 13 is a block for 
identifying the respective pixels of the digital image data of 
R, G and B sent from the input gradation compensation 
section 12 so as to classify the pixels into one of a text area, 
a halftone area and a photograph area. Further, the area 
dividing processing section 13 sends an area identification 
signal, which denotes the areas to which the pixels belong, 
to the area dividing processing section 13, the black 
generation undercolor removal section 15, the spatial filter 
processing section 16, and the gradation reproduction 
processing section 18; and also, passes on the digital image 
data of R, G and B inputted from the input gradation 
compensation section 12 to the color compensation section 
14 of the next stage without modification. 

The color compensation section 14 is a block for 
converting a digital image data of R, G and B into a digital 
image data of C, M and Y; and also for carrying out color 
compensation by removing muddiness of colors due to 
disused absorption component included in C, M and Y color 
materials as their spatial characteristic. With this 
processing, precise color reproduction can be realized. 
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Alternatively, the color compensation section 14 may 
detect brightness or saturation of the digital image data of 
R, G and B so as to compare them with a predetermined 
default value, and then may output the result of 
comparison to the output conversion section 19 as a color 
judgment signal. Further, the output conversion section 
19 may choose one of a non-fluorescent coloring agent, and 
a recording agent containing both a non-fluorescent 
coloring agent and a fluorescent coloring agent, based on 
the color judgment signal. Here, the following formula may 
be used for figuring out brightness, luminance or saturation, 
for example. 

Luminance - 0.30R+0.59G+0. 1 IB 
Saturation = max (R, G ,B)-min (R, G, B) 
Furthermore, the brightness and saturation may also 
be found by converting the digital image data R, G and B 
into image data of a L*a*b* color system. However, this 
operation is not necessarily has to be carried out by the 
color compensation section 14. 

The black generation undercolor removal section 15 
carries out black generation operation for extracting digital 
image data of black (K) component from the digital image 
data of C, M and Y sent from the color compensation section 
14. The black generation undercolor removal section 15 
also functions as a block for generating new digital image 
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data of C, M and Y by subtracting the K data extracted 
through the black generation operation from the respective 
original digital image data of C, M and Y. Namely, the 
black generation undercolor removal section 15 converts the 
digital image data of C, M and Y (three colors) into a digital 
image data of C, M, Y and K (four colors). 

One possible example of black generation operation is 
enforced by a method (general method) using skeleton black. 
This method is carried out according to the following 
formulas (1) through (4), 

K'=f {min(C,M,Y)} ...(1) 

C'=C-aK' ...(2) 

M'=M-aK' ...(3) 

Y'=Y-aK' ...(4) 

where y = f (x) denotes input/output characteristic of 
skeleton curve; C, M and Y denote the input data; C, M' 
and Y f denote the output data; and a demotes UCR ratio 
(Under Color Removal) satisfying 0<a<l. 

The spatial filter processing section 16 is a block for 
carrying out spatial filter processing by using a digital filter 
with respect to the digital image data of C, M, Y and K sent 
from the black generation undercolor removal section 15 
based on an area identification signal sent from the area 
dividing processing section 13. This process is performed 
to compensate spatial frequency characteristic of the digital 
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image data of C, M, Y and K, so as to prevent blur or 
granular degradation of the output image. 

For example, the spatial filter processing section 16 
carries out sharpness enhancement operation with respect 
to the pixel identified as a text area by the area diving 
processing section 13 so that the high frequency data of the 
pixel is enhanced. As a result, reproduction, particularly 
for black text or color text, in the output image improves. 
Further, the spatial filter processing section 16 carries out 
low-pass filter processing with respect to the pixel identified 
as a halftone area by the area diving processing section 13 
so as to remove halftone component from the input image. 

The output gradation compensation section 17 is a 
block for carrying out output gradation compensation by 
converting deepness data etc. extracted from the digital 
image data of C, M, Y and K into, for example, a halftone 
area ratio, which is a characteristic value of an inkjet 
recording device. 

The gradation reproduction processing section 18 is a 
block for carrying out gradation reproduction operation 
(generation of intermediate tones) by dividing the digital 
image data of C, M, Y and K sent from the output gradation 
compensation section 17 into pixels so as to eventually 
reproduce the respective gradations. Further, the 

gradation reproduction processing section 18 is a block for 
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carrying out digitalization or creating many-valued state 
with a high resolution screen suitable for broadband 
reproduction, based on the area identification signal sent 
from the area dividing processing section 13. 

For example, with respect to the pixel identified as a 
photograph area by the area dividing processing section 13, 
the gradation reproduction processing section 18 carries 
out digitalization or creates many-valued state with a high 
resolution screen particularly suitable for gradation 
reproduction. 

The output conversion section 19 chooses one of a 
non-fluorescent coloring agent (first coloring agent: 
non-fluorescent coloring agent), and a recording agent 
containing both a non-fluorescent coloring agent and a 
fluorescent coloring agent (second coloring agent: 
fluorescent coloring agent) based on the judgment result of 
the color compensation section 14, as described above. 

More specifically, the output conversion section 19 
carries out operation for converting the digital image data 
made of C, M, Y, K, mixed M and mixed Y into output image 
data which corresponds to alignment of the heads (inkjet 
heads for C, M, Y, K, mixed M and mixed Y etc.) of the 
image output device 4. Note that, the digital data image of 
the mixed M refers to a signal showing gradation of the area 
to be formed by the recording agent containing 
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non-fluorescent coloring agent of M and fluorescent coloring 
agent of M. Further, the digital data image of the mixed M 
refers to a signal showing gradation of the area to be formed 
by the recording agent containing non-fluorescent coloring 
agent of Y and fluorescent coloring agent of Y. Further, 
the choice of recording agent according to the judgment 
result of the color compensation section 14 is not 
necessarily has to be carried out by the output conversion 
section 19, but may be performed by a different block 
provided at a previous stage of the output conversion 
section 19. 

The digital image data of C, M, Y, K, mixed M and 
mixed Y having been through the foregoing processes is 
then temporarily stored in storing means before it is 
outputted to the image output device 4 by being read out at 
predetermined timings. Note that, this storing/reading out 
operation is performed by using a main memory device, 
such as a RAM (Random Access Memory), as a working area, 
and is controlled by CPU (Central Processing Unit). The 
RAM and the CPU are not shown in Figures. 

Next, the following will explain the structure of the 
image output device 4 in detail. Figure 1 is a perspective 
view illustrating the entire configuration of an inkjet 
recording device (photocopier, multi-functional printer 
device) which functions as the image output device 4. 
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The image output device 4 carries out printing by an 
inkjet method by discharging a recording agent onto a 
recording medium (such as a paper etc.) according to the 
digital image data of C, M, Y, K, mixed M and mixed Y sent 
from the image processing device 3. 

As shown in Figure 1, the image output device 4 
includes a carriage 22 having a head (inkjet head) 21 and is 
movable on the recording medium 23 along the main 
scanning direction (direction of XI or X2). The image 
output device 4 carries out printing by moving the carriage 
22 in the direction XI or X2. With this operation, the 
carriage 22 discharges ink to the recording medium 23. 
Meanwhile, the image output device 4 moves the recording 
medium 23 in the sub-scanning direction (Y direction in the 
figure) so as to carry out printing on the entire plane of the 
recording medium 23. 

The recording medium 23 is placed in the paper 
feeding section (not shown), and is sent out one by one by a 
feeding roller (not shown). Then, the recording medium 23 
is supplied by a carriage roller (recording medium carrying 
means; not shown) to a portion opposite to the head 21. 
The recording medium 23 having been through recording is 
then discharged to a discharge section (not shown). 

The carriage 22 having the head 21 is held by a guide 
shaft 25 to be slidably placed on holding means 26 
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extending in the main scanning direction. The carriage 22 
is therefore positioned to be opposite to the recording 
medium 23 at a predetermined position. The carriage 22 is 
hung in parallel with the guide shaft 25, and is moved by a 
driving belt 28 which is driven by the carriage roller (driving 
means) 24 controlled by a motor 27. 

As shown in Figure 2, the head 21 provided in the 
carriage 22 includes an ink tank 30 containing plural colors 
of inks for the respective color components, such as C, M, Y, 
K, mixed M and mixed Y. The plural colors of inks are 
discharged according to the digital image data sent from the 
output conversion section 19 so as to form an image on the 
recording medium 23. Here, a mixed M (magenta) ink 
refers to a recording agent obtained by mixing a 
non-fluorescent coloring agent of M and a fluorescent 
coloring agent of M; and a mixed Y (Yellow) ink refers to a 
recording agent obtained by mixing a non-fluorescent 
coloring agent of Y and a fluorescent coloring agent of Y. 

Next, the following will explain a recording agent of 
color components according to the present embodiment, and 
an image forming method using the recording agent. 

Note that, the recording agent of a color component 
according to the present embodiment refers to ink (mixed M 
ink, or mixed Y ink) obtained by mixing a non-fluorescent 
coloring agent and a fluorescent coloring agent of the same 
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hue, or ink containing only a non-fluorescent coloring agent. 
Further, a non-fluorescent coloring agent refers to a 
coloring agent not containing a fluorescent component, and 
fluorescent coloring agent refers to a coloring agent 
containing only a fluorescent component. 

Here, Figure 3 shows a measurement result of 
spectral reflectance of a non-fluorescent coloring agent used 
for mixed M ink; and Figure 4 shows a measurement result 
of spectral reflectance of a non-fluorescent coloring agent 
used for mixed Y ink. In Figures 3 and 4, the horizontal 
axis denotes wavelength and the vertical axis denotes a 
spectral reflectance with respect to wavelength. Note that, 
the spectral reflectance is measured with a X-Rite 938 
spectrophotometry colorimeter. 

Meanwhile, Figure 5 shows a measurement result of 
spectral reflectance of a fluorescent coloring agent used for 
mixed M ink. Further, Figure 6 shows a measurement 
result of spectral reflectance of a fluorescent coloring agent 
used for mixed Y ink. 

Referring to the spectral reflectance of a fluorescent 
coloring agent used for mixed M ink, which is shown in 
Figure 5, has two peaks in the vicinity of the wavelength of 
430nm and in the vicinity of the wavelength of 610nm. 
Further, referring to the spectral reflectance of a 
fluorescent coloring agent used for mixed Y ink, which is 
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shown in Figure 6, has a peak in the vicinity of the 
wavelength of 520nm. 

Figures 7 and 8 respectively show measurement 
results of spectral reflectance of coloring agents used for 
mixed M ink and mixed Y ink in the case of including a 
non-fluorescent coloring agent and a fluorescent coloring 
agent in a ratio of 0:100, 25:75, 50:50, 75:25, 100:0. 
Figure 7 shows a result for the mixed M ink, and Figure 8 
shows a result for the mixed Y ink. Further, the ratio of a 
fluorescent coloring agent contained in the agent will be 
hereinafter expressed as x=0 to 1, instead of the ratio 
above. 

More specifically, x=0 means that the recording agent 
contains a fluorescent coloring agent in a ratio of 0%, and 
contains a non-fluorescent coloring agent in a ratio of 100%. 
Further, x=0.25 means that the recording agent contains a 
fluorescent coloring agent in a ratio of 25%, and contains a 
non-fluorescent coloring agent in a ratio of 75%; x=0.75 
means that the recording agent contains a fluorescent 
coloring agent in a ratio of 75%, and contains a 
non-fluorescent coloring agent in a ratio of 25%; and x=l 
means that the recording agent contains a fluorescent 
coloring agent in a ratio of 100%, and contains a 
non-fluorescent coloring agent in a ratio of 0%. 

As shown in Figure 7 regarding the mixed M ink, the 
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spectral reflectance increases with an increase of the ratio 
of a fluorescent coloring agent with respect to the whole 
amount of the agent. Further, when the ratio x exceeds 
0.75, the spectral reflectance draws a peak in the 
wavelength area where the emission peak, which indicates 
fluorescent magenta, exists (particularly in the vicinity of 
610nm). As shown in Figure 8 regarding the mixed Y ink, 
the spectral reflectance increases with an increase of the 
ratio of a fluorescent coloring agent with respect to the 
whole amount of the agent, as with the case of the mixed M 
ink. Thus, when the ratio x exceeds 0.75, the spectral 
reflectance draws a peak in a wavelength area where the 
emission peak, which indicates fluorescent yellow, exists 
(particularly in the vicinity of 520nm). 

Here, Figure 16 is referred. Figure 16(a) is a 
drawing showing an ideal spectral reflectance of magenta 
and a spectral reflectance of magenta non-fluorescent 
coloring liquid, and Figure 16(b) is a drawing showing an 
ideal spectral reflectance of yellow and a spectral 
reflectance of yellow non-fluorescent coloring liquid. 

Figure 16(a) reveals that an ideal magenta color 
reflects 100% of light of 400 to 500nm and light of 600 to 
700nm. Further, it is also seen that the actual magenta 
non-fluorescent coloring agent does not have the ideal 
spectral reflectance due to inclusion of sub-absorption 
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component (extra absorption component/ transmission 
component). 

In view of this, the present embodiment uses a 
magenta non-fluorescent coloring agent mixed with a 
magenta fluorescent coloring agent. With this agent, the 
spectral reflectance increases in the wavelength area (in the 
vicinity of 430nm/610nm) denoting magenta color, thus 
obtaining a spectral reflectance of magenta closer to the 
ideal value. 

Further, Figures 9 and 10 show measurement results 
of L*a*b* values for each of the compounding ratio above in 
the case of mixed M ink and mixed Y ink. Further, L*C*H 
values are calculated by using the measured L*a*b* values 
for each compounding ratio in accordance with the following 
formulas (5) through (7), where L* denotes brightness, C* 
denotes saturation, and H denotes hue angle. 




■■■(5) 




* 2 ---(6) 



■■■(7) 



Figure 9(a) shows hue angle of mixed M ink, Figure 
9(b) shows saturation of the mixed M ink, and Figure 9(c) 
shows brightness of the mixed M ink. Figure 10(a) shows 
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hue angle of mixed Y ink, Figure 10(b) shows saturation of 
the mixed Y ink, and Figure 10(c) shows brightness of the 
mixed Y ink. Note that, the L*a*b* values are measured 
with a X-Rite 938 spectrophotometric colorimeter. 

As shown in Figure 9(b) regarding the mixed M ink, 
the saturation increases with an increase of the 
compounding ratio of a fluorescent coloring agent. Further, 
Figure 9(c) reveals that the brightness of mixed M ink 
increases with an increase of the compounding ratio of a 
fluorescent coloring agent. Similarly, as shown in Figure 
10(b) regarding the mixed Y ink, the saturation slightly 
increases with an increase of the compounding ratio of a 
fluorescent coloring agent. Further, Figure 10(c) reveals 
that the brightness of mixed Y ink increases with an 
increase of the compounding ratio of a fluorescent coloring 
agent. 

The reason for this is explained as follows. As 
described above, the spectral reflectance increases with an 
increase of the ratio of a fluorescent coloring agent with 
respect to the whole amount of the agent as shown in 
Figure 8. Since an increase of the spectral reflectance 
means increases of tristimulus values XYZ, as shown in the 
formulas (8) through (10) below, it also causes increases in 
brightness and saturation. 

Further, as shown in Figure 9, a change in 
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compounding ratio causes a slight change in hue angle of 
the recording agent containing both a non-fluorescent 
coloring agent and a fluorescent coloring agent (+10° to 
-10°). This is because enhancement of reflectance in a 
specific wavelength area also induces enhancement of color 
reflected in the wavelength area. Accordingly, as the 
compounding ratio of a fluorescent coloring agent increases 
in the mixed M ink or in the mixed Y ink, the color thereof 
also gradually changes. 

Next, Figure 1 1 shows a L*a*b* space in which the 
L*a*b* values of the mixed magenta ink and the mixed 
yellow ink for each compounding ratio, and the L*a*b* 
values of cyan ink (a non- fluorescent coloring agent) are 
plotted. This figure shows that, for the mixed magenta ink 
and in the mixed yellow ink, a change in compounding ratio 
causes a change in L*a*b* values. 

Further, the figure also reveals that, in a subtractive 
color mixing method using the mixed M ink, the mixed Y ink 
and the C ink; a color reproduction range increases by 30% 
when the mixed M ink and the mixed Y ink each contain a 
fluorescent coloring agent in a compounding ratio satisfying 
X=l, compared to the case where X=0 (i.e., the respective 
mixed inks M and Y each contain only a non-fluorescent 
coloring agent). 

Note that, the color reproduction range is calculated 
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with reference to Figure 1 1 by comparing areas of triangles 
made of the L*a*b* values of the C ink, L*a*b* values of the 
mixed M ink and the L*a*b* values of the mixed Y ink for 
each case where the ratio of the mixed M ink to the mixed Y 
ink satisfies x=o or x=l. 

Further, the spectral reflectance of the mixed M ink 
and the mixed Y ink for each compounding ratio obtained 
through the foregoing method may be expressed as follows. 

Rm = (l-xy) Ro+xyRf ... (6) 

In Formula (6), Rm expresses the spectral reflectance 
of a recording agent (mixed ink) created by mixing a 
non-fluorescent coloring agent and a fluorescent coloring 
agent, Rf expresses the spectral reflectance of the 
fluorescent coloring agent, Ro expresses the spectral 
reflectance of the non-fluorescent coloring agent, and x 
expresses the compounding ratio. 

Next, the following will explain a procedure for 
determining an optimal value of y of Formula (6). First, 
the L*a*b* values of the mixed M ink and the mixed Y ink of 
the present embodiment obtained according to Formula (6) 
are expressed as L* c , a* c and b* c . Then, the actual 
measured values of L*a*b* of the mixed M ink and the 
mixed Y ink are expressed as L< s, a s and b* s . 

Here, the difference between L* c , a* c and b* c values 
and L* s , a* s and b* s values are expressed as follows. 
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AE={(L*c-L*s)2 + (a*c-a*s)2 + (b* c -b* s )2}(l/2)- • -(7) 
Next, the following explains a calculation procedure 
of L* c , a* c , b* c values. The calculation here for finding L* c , 
a* c , b*c is performed via a XYZ color system. First, 
tristimulus values XYZ of the XYZ color system are 
calculated in accordance with the following Figures (8) 
through (11). 



r 700 

X = K S(X)x(X)R(X)6X- ■ ■ ■ (8) 
Moo 
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Y = K S(X)y(X)R(X)6X - ■ ■ (9) 
.400 
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Z = K S(X)z(X)R(X)dk ■ ■ ■ ( 1 0) 

Moo 
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K = 100/ S(X)y(X)dX ■•■(11) 
Moo 



where x(A), y(A) and z(A) express color matching 
functions of a XYZ color system; R(A) expresses spectral 
reflectance factor; and S(A) expresses spectral distribution 
of light source (standard light for color display, such as 
Des). 

Here, a function of Rm obtained by a modified Formula 
(6) is substituted for R(A) showing spectral reflectance 
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factor. Further, it is assumed that the light source of the 
foregoing calculation is the same as that used for finding 
L* s , a* s , b* s values. 

Then, L* c , a* c , b* c values are obtained by substituting 
the values of XYZ found by Formulas (8) through (11) in the 
following Formulas (12) through (14). 



where Xn, Yn and Zn express tristimulus values on a 
perfect reflecting diffuser. 

With these L* c , a* c , b* c values thus obtained, AE of 
Formula (14) is found. This AE may be expressed as a 
function of y. Further, AE is found by changing the value 
of y according to a predetermined step. 

Figure 12 shows the color difference AE obtained in 
the foregoing manner. Note that, the final value of the 
color difference AE according to the foregoing calculation is 
determined as the average value of the AE values in the 
respective cases where x=0.25, x=0.5 and x=0.75. 

Figure 12 indicates that the value of the parameter y 
for giving the smallest value of the color difference AE is 
y«2.3 for M ink, and y«2.5 for Y ink. In this way, the 



L c * =116(Y/Yn) (1/3) -16 

a c * =500{(X/Xn) (1/3) -(Y/Yn) (I/3) } 
b c * = 200{(Y/ Yn) (,/3) -(Z/Zn) (1/3) } 
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optimal value of y in Formula (6) can be found. 

Further, by using in Formula (6) the value of the 
parameter y for giving the smallest value of the color 
difference AE, and using the spectral reflectance Rm found 
by Formula (6) thus calculated, it is possible to find the 
optimal compounding ratio for the desired color of the 
recording agent. Namely, the compounding ratio for giving 
the smallest value of the color difference AE to the L*a*b* 
values of the desired color of the recording agent can be 
found by previously finding the L*a*b* values of the desired 
color of the recording agent, and then finding the optimal 
L*a*b* values by changing the compounding ratio according 
to a predetermined step. 

To be more specific, by using the condition y«2.5 
when the L*a*b* values showing the desired color of Y ink is 
(L*a*b*) = (85, 2, 80), it is possible to obtain the optimal 
compounding ratio for giving the smallest value of AE, 
which is X=0.45. 

As described, the ink (recording agent) of a color 
component according to the present embodiment is created 
by a non-fluorescent coloring agent mixed with a 
fluorescent coloring agent of the same hue. Further, this 
ink has a higher spectral reflectance than that of a 
non-fluorescent coloring agent. Therefore, the ink is the 
same in hue range as a non-fluorescent coloring agent, but 
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higher in brightness and saturation than the 
non-fluorescent coloring agent. In other words, the ink 
created by a non-fluorescent coloring agent mixed with a 
fluorescent coloring agent has the same hue range as that 
of the non-fluorescent coloring agent, but performs 
reproduction with colors higher in brightness and 
saturation, which cannot be achieved by a recording agent 
made only of a non-fluorescent coloring agent. 

On this account, by using the ink created by a 
non-fluorescent coloring agent mixed with a fluorescent 
coloring agent as color components for an image forming 
process that is performed through subtractive color mixing, 
it is possible to reproduce color higher in brightness and 
saturation, which cannot be achieved by a recording agent 
made only of a non-fluorescent coloring agent, thus easily 
enlarging color reproduction range. 

Further, the ink of a color component according to 
the present embodiment containing a fluorescent coloring 
agent has a higher spectral reflectance than that of a 
non-fluorescent coloring agent which is also contained in 
the ink. That is, the ink has the same hue range as that of 
the non-fluorescent coloring agent contained therein, but 
its characteristic is more similar to an ideal spectral 
reflectance in the hue than the non-fluorescent coloring 
agent. Therefore, by performing a subtractive color mixing 
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process with this ink, the reproduced image can be 
improved in quality. 

Further, a fluorescent coloring agent allows 
reproduction of colors with superior brightness and 
vividness than a non-fluorescent coloring agent. Therefore, 
the ink created by a non-fluorescent coloring agent mixed 
with a fluorescent coloring agent has the same hue range as 
that of the non-fluorescent coloring agent, but enables 
reproduction with brighter or more vivid colors. Thus, 
color reproduction by a subtractive color mixing method 
using the ink allows color reproduction superior in 
brightness and vividness, which cannot be achieved by a 
subtractive color mixing method using a recording agent 
made only of a non-fluorescent coloring agent. 

Further, if the spectral reflectance of a 
non-fluorescent coloring agent is expressed as Ro, and the 
spectral reflectance of a fluorescent coloring agent is 
expressed as Rf, the foregoing compounding ratio x may be * 
obtained according to Formula (6). The reason for this is 
explained as follows. 

The spectral reflectance of a non-fluorescent coloring 
agent and the spectral reflectance of a fluorescent coloring 
agent may be measured in advance. Accordingly, it can be 
assumed that the spectral reflectance of a recording agent 
created by a non-fluorescent coloring agent mixed with a 
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fluorescent coloring agent may be approximately found by 
using the spectral reflectance of the non-fluorescent 
coloring agent and the fluorescent coloring agent. This 
assumption actually works by setting the value y to 2<y<3 
in Formula (6). Under this condition, the calculation 
result becomes substantially identical to the measurement 
value expressed by the L*a*b* values (i.e., the color 
difference becomes minimum). In this way of calculation, 
the compounding ratio of the target recording agent can be 
found. Namely, the L*a*b* values for the desired color may 
be found by calculation without measurement. 
[Second Embodiment] 

Another embodiment of the present invention will be 
described below with reference to Figure 14. For ease of 
explanation, materials having the equivalent functions as 
those shown in the drawings pertaining to the first 
embodiment above will be given the same reference symbols, 
and explanation thereof will be omitted here. 

The present embodiment uses an image output device 
(image forming device) as an inkjet printer which includes a 
head 50. Compared to the head 21 used in the first 
embodiment, which has the ink tanks 30 storing inks of 
color components created by mixing a non-fluorescent 
coloring agent and a fluorescent coloring agent, the head 50 
here contains a non-fluorescent coloring liquid and a 
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fluorescent coloring liquid individually in separate ink 
tanks 51. 

More specifically, as explained below, the present 
embodiment allows reproduction by discharging a 
non-fluorescent coloring liquid and a fluorescent coloring 
liquid in the same hue, that are individually stored in the 
separate ink tanks 51, from separate discharging sections 
of the head 50, thus creating the desired color by mixing 
plural coloring liquids on a recording medium. Alternately, 
the head 50 may discharge the non-fluorescent coloring 
liquid and the fluorescent coloring liquid individually stored 
in the separate ink tanks 51 onto adjacent portions of the 
recording medium so as to reproduce the desired color by 
area ratio gradation. 

The head 50 of the image output device used in the 
present embodiment differs in structure from the head 21 of 
the first embodiment. As shown in Figure 14, the head 50 
has plural ink tanks containing non-fluorescent coloring 
liquids of plural colors, such as C(Cyan), M(Magenta), 
Y(Yellow) and K(Black), as well as Cf (Cyan fluorescent 
coloring liquid), Mf (Magenta fluorescent coloring liquid) 
and Yf (Yellow fluorescent coloring liquid). 

Here, the non-fluorescent coloring liquids of C, M, Y 
and K stored in the respective ink tanks 51 each do not 
contain a fluorescent coloring liquid. Then, these 
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non-fluorescent coloring liquids and the fluorescent 
coloring liquids listed above are discharged by the head 50 
according to digital data sent from the output conversion 
section 19 so as to form an image on the recording medium. 
This operation is performed in one of the following two 
kinds of procedures. 

The following explains a procedure of discharging a 
non-fluorescent coloring liquid and a fluorescent coloring 
liquid in the same hue onto the same portion on the 
recording medium through the head 50 so as to mix the two 
coloring liquids. 

First, the compounding ratio x of the non-fluorescent 
coloring liquid and the fluorescent coloring liquid is found 
with respect to the target image data to be outputted by 
using a non-fluorescent coloring liquid and a fluorescent 
coloring liquid. Here, this ratio is found according to 
Formula (6) by the manner used in the first embodiment 
with a parameter y previously set to y=2.4 (the average 
value of y«2.3 and y~2.5). In the case of reproducing 
plural images, each of which uses both a non-fluorescent 
coloring liquid and a fluorescent coloring liquid, the 
compounding ratio should be found for each data and 
stored in the form of, for example, a table. The type of 
image data is detected by the color compensation section 14 
and the table is stored in the output compensation section 
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19. The output compensation section 19 reads out the 
corresponding compounding ratio from the table according 
to a color judgment signal sent from the color compensation 
section 14. This compounding ratio x thus read out is the 
optimal compounding ratio for giving the smallest value of 
AE, color difference with the actual outputted color. 

Further, with the optimal compounding ratio obtained 
in such a manner, a non-fluorescent coloring liquid and a 
fluorescent coloring liquid in the same hue are discharged 
from separate discharging sections of the head 50 onto 
adjacent portions of the recording medium so as to mix 
plural kinds of liquid on a recording medium. In this way, 
it is possible to obtain a greater color reproduction range 
than an image forming method using only a non-fluorescent 
coloring liquid. Note that, since the fluorescent coloring 
liquid to be mixed with the non-fluorescent coloring liquid 
belongs to the same hue as the non-fluorescent coloring 
liquid, it ensures hue uniformity when mixing plural types 
of coloring liquid. 

Next, the following explains a procedure of 
discharging a non-fluorescent coloring liquid and a 
fluorescent coloring liquid by the head 50 to adjacent 
portions of the recording medium so as to create a desirable 
ink by area ratio gradation. In this case, the 

non-fluorescent coloring liquid and the fluorescent coloring 
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liquid do not have to have the same hue. 

It is known that color reproduction is degraded when 
two different non-fluorescent coloring liquids overlaid with 
each other are simultaneously reproduced. However, 
simultaneous reproduction of a non-fluorescent coloring 
liquid and a fluorescent coloring liquid has to be carried out 
with more strict restriction than the reproduction with two 
colors of non-fluorescent coloring liquid, since a fluorescent 
coloring liquid has higher brightness and/or saturation 
than a non-fluorescent coloring liquid, and therefore the 
simultaneous reproduction may degrade the high brightness 
and/or saturation. 

The compounding ratio x is found according to 
Formula (6) by the manner used in the first embodiment 
with the parameter y previously set to y=2.4 (the average 
value of y«2.3 and y«2.5). An example of desirable value of 
y here may be a value not less than and close to 1. The 
reason for this example value is based on the fact that area 
ratio gradation in which a non-fluorescent coloring liquid 
and a fluorescent coloring liquid are not overlaid causes no 
interference therebetween, and also the adjacent 
discharging of the two liquids causes only a little 
interference therebetween. Therefore, the contribution 
ratio of reflection light (spectral reflectance) of a 
non-fluorescent coloring liquid to a fluorescent coloring 
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liquid is preferably set to 1:1 or a similar ratio. 

Accordingly, the non-fluorescent coloring liquid and 
the fluorescent coloring liquid at the appropriate 
compounding ratio are discharged from separate 
discharging sections onto adjacent portions of the recording 
medium, so as to reproduce the desired color by area ratio 
gradation. In this way, it is possible to obtain a wider 
color reproduction range than an image forming method 
using only a non-fluorescent coloring liquid. 

As described, the image output device according to 
the present embodiment includes the head 50 which 
discharges a non-fluorescent coloring liquid of a color 
component for subtractive color mixing, and a fluorescent 
coloring liquid in the same hue from separate discharging 
sections. With this function, the non-fluorescent coloring 
liquid and the fluorescent coloring liquid may be applied 
onto the same or adjacent portions of the recording medium. 
Thus, it is possible to mix a non-fluorescent coloring liquid 
and a fluorescent coloring liquid in the same hue on the 
recording medium, thus creating a color component 
identical in hue to the non-fluorescent coloring liquid. 

The color components thus created has a higher 
spectral reflectance than that of the non-fluorescent 
coloring liquid. Therefore, the color component created by 
the foregoing image forming device is the same in hue range 
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as the non-fluorescent coloring liquid, but higher in 
brightness and/or saturation than the non-fluorescent 
coloring liquid. In other words, the color component 
created by the foregoing image forming device has the same 
hue range as that of the non-fluorescent coloring liquid, but 
performs reproduction with colors of high brightness and/or 
saturation, which cannot be achieved by a recording liquid 
made only of a non-fluorescent coloring liquid. 

On this account, by carrying out color reproduction 
through subtractive color mixing with the foregoing image 
forming device, it is possible to reproduce color higher in 
brightness and/or saturation, which cannot be achieved by 
non-fluorescent coloring liquids of the respective color 
components, thus enlarging color reproduction range. 

Further, in the present embodiment, the 
non-fluorescent coloring liquid and the fluorescent coloring 
liquid are applied onto substantially identical portions, and 
therefore the non-fluorescent coloring liquid and the 
fluorescent coloring liquid are mixed on the portion of the 
recording medium. As a result, it is possible to create a 
color component having the same hue range as that of the 
non-fluorescent coloring liquid, but has a higher spectral 
reflectance than that of the non-fluorescent coloring liquid. 

Alternately, the non-fluorescent coloring liquid and 
the fluorescent coloring liquid may be applied onto adjacent 
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portions of the recording medium. In this way, image 
reproduction is carried out by area ratio gradation by using 
a non-fluorescent coloring liquid and a fluorescent coloring 
liquid, thus creating a color component having a higher 
spectral reflectance than that of the non-fluorescent 
coloring liquid. 

[Third Embodiment] 

Still another embodiment of the present invention will 
be described below with reference to Figure 15. 

For a different feature from the second embodiment, 
the present embodiment uses an image processing device 
included in the computer of Figure 15. Accordingly, the 
following description relates to only this difference, and 
materials having the equivalent functions as those shown in 
the drawings pertaining to the first embodiment above will 
be given the same reference symbols, and explanation 
thereof will be omitted here. 

The image forming method according to the present 
embodiment may perform image processing with respect to 
a predetermined image data (such as image data having 
high brightness and/or saturation) with one of the following 
steps of: 1) Using a recording agent created by mixing a 
non-fluorescent coloring liquid and a fluorescent coloring 
liquid identical in hue at a predetermined compounding 
ratio, 2) Discharging a non-fluorescent coloring liquid and a 
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fluorescent coloring liquid identical in hue onto 
substantially identical portions on a recording medium at a 
fixed ratio suitable to the image data, and 3) Discharging a 
non-fluorescent coloring liquid and a fluorescent coloring 
liquid identical in hue onto adjacent portions on a recording 
medium at a fixed ratio suitable to the image data, by using 
a printer driver 60 provided in the computer. 

Digital image data generated by enforcing various 
application programs in the computer is subjected to image 
processing by the color compensation section 14, the 
gradation reproduction processing section 18 and the 
output conversion section 19. Note that, in the present 
embodiment, the color compensation section 14 also carries 
out black generation undercolor removal operation. 

The digital image data having been through output 
conversion processing by the output conversion section 19 
is then converted into printer language by a printer 
language translation section 61, and is inputted into an 
inkjet recording device (printer) which functions as the 
image output device 4 via a communication port driver 62, a 
communication port (RS232C, LAN etc.) 63. Here, the 
image output device 4 may be a digital multi-functional 
device that is provided with photocopier function and/or a 
facsimile function in addition to the printer function. 

Further, though the present embodiment describes a 
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structure in which the printer driver is provided to a 
computer, the present invention is not limited to this 
structure, but may use a printer driver provided to a printer 
(inkjet recording device) which functions as the image 
output device 4. 

Referring again to the foregoing Document 1 
(Japanese Laid-open Patent Publication Tokukai 
2000-181170), it should be noted that this publication has 
no description of the method of mixing a non-fluorescent 
coloring liquid and a fluorescent coloring liquid identical in 
hue in order to ensure hue uniformity. 

More specifically, the Document 1 merely describes a 
peak wavelength of a fluorescent coloring liquid that is 
mixed into the non-fluorescent coloring liquid of the color 
component, and has no description regarding its emission 
spectrum or the color. For example, the Document 1 has 
description such that "the yellow toner is mixed with a 
fluorescent material whose emission peak is 540nm" but 
this fluorescent material having emission peak of 540nm is 
not necessarily a yellow fluorescent material but can be a 
green fluorescent material. If a yellow toner is mixed with 
a green fluorescent material, the original color of yellow 
toner changes since a fluorescent material generally 
includes both its color component (reflection color) and an 
emission component (fluorescent). Further, even when the 
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absorption peak of the toner and the emission peak of the 
fluorescent material exist in the same wavelength area, the 
fluorescent material with a broader emission spectrum may 
induce a reverse effect in the main absorption area. 

In contrast, the recording agent, i.e., ink of the 
respective color components according to the first 
embodiment of the present invention offers a higher spectral 
reflectance with a constitution in which a non-fluorescent 
coloring liquid containing no fluorescent materials is mixed 
with a fluorescent coloring liquid which is identical in hue 
to the non-fluorescent coloring liquid. Therefore, this ink 
offers a wider color reproduction range upon image forming 
than a coloring agent made of a color component containing 
no fluorescent materials; besides, it ensures hue uniformity 
even when mixed with a fluorescent material, thus 
preventing degradation of picture quality due to addition of 
a fluorescent material. 

Further, the Document 1 has no description 
regarding a method of mixing on a recording medium a 
non-fluorescent coloring liquid and a fluorescent coloring 
liquid identical in hue, or a method of discharging them 
onto the same portion or adjacent portions of the recording 
medium so as to reproduce the desired color by area ratio 
gradation. 

In contrast, the recording agent, i.e., ink of the 
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respective color components according to the first 
embodiment of the present invention offers a higher spectral 
reflectance with a constitution in which a non-fluorescent 
coloring liquid containing no fluorescent materials is mixed 
with a fluorescent coloring liquid which is identical in hue 
to the non-fluorescent coloring liquid Further, in the 
second and third embodiments, the higher spectral 
reflectance of the non-fluorescent coloring liquid is achieved 
by mixing on a recording medium a non-fluorescent coloring 
liquid and a fluorescent coloring liquid identical in hue. 

Therefore, this ink offers a wider color reproduction 
range upon image forming than a coloring agent made of a 
color component containing no fluorescent materials; 
besides, it ensures hue uniformity even when mixed with a 
fluorescent material, thus preventing degradation of picture 
quality due to addition of a fluorescent material. 

Further, the image forming methods according to the 
second and third embodiments of the present invention 
realize image forming with a wider color reproduction range 
than that using only a coloring agent made of a color 
component containing no fluorescent materials; besides, it 
ensures hue uniformity of the formed image also in the 
method of discharging a fluorescent coloring liquid onto a 
recording medium, thus maintaining picture quality. 

The recording agent of the present invention may be a 
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recording agent containing a first coloring liquid and a 
second coloring liquid having the same hue as the first 
coloring liquid, so that the recording agent has a higher 
spectral reflectance than that of the first coloring liquid as 
a result of mixture of the first and second coloring liquid. 

With this arrangement, mixture of two kinds of liquid 
creates a recording agent with a higher spectral reflectance 
than that of the first coloring liquid, thus realizing color 
control. 

Namely, the use of a recording agent created by 
mixing a dye (non-fluorescent coloring liquid) as the first 
coloring agent and a recording agent containing a 
fluorescent coloring liquid as the second coloring agent 
enables image forming with a wider color reproduction 
range than the single use of a coloring agent of a dye. For 
example, when the first coloring material is a yellow dye, 
the second coloring agent should be a yellow fluorescent 
coloring liquid (this rule also applies to the case of 
magenta). These first and second agents differ in some 
degree in brightness, saturation and hue; and therefore, 
they are mixed at an arbitrary ratio so as to create a 
recording agent of the desired color. 

Further, in addition to the foregoing arrangement, 
the recording agent of the present invention may contain a 
fluorescent coloring liquid as the second coloring agent. 
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With this arrangement, it is possible to easily realize 
enlargement of color reproduction range and color control. 

Further, in addition to the foregoing arrangement, 
the recoding agent of the present invention is made of the 
first coloring agent having spectral reflectance Ro and the 
second coloring agent having spectral reflectance of Rf, 
and the recording agent contains the second coloring 
agents in a compounding ratio of x in order to have a 
higher spectral reflectance than that of the first coloring 
agent. The spectral reflectance Rm of the created 
recording agent may be expressed by the following formula 
using a parameter y (y is a positive real number). 

Rm=(l-xy) Ro+xyRf 

In this manner, it is possible to find an appropriate 
compounding ratio for obtaining small color difference with 
the actual color according to the formula for calculating the 
spectral reflectance Rm of the recording agent. 

Further, it is preferable that the parameter y in the 
formula above is in a range of 2 to 3. By setting this range, 
it is possible to find an appropriate compounding ratio for 
giving the smallest color difference with the actual color. 

Further, the recording method of the present 
invention may be characterized by carrying out image 
forming on a recording medium with the foregoing recording 
agent. The recording agent of this arrangement offers a 
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wider color reproduction range and suppresses the color 
difference with the actual color, thus outputting a high 
quality image. 

Further, in the recording method of the present 
invention for forming an image with a recording agent 
containing a first coloring liquid, and a second coloring 
liquid having the same hue as the first coloring liquid, so as 
to obtain higher spectral reflectance than that of the first 
coloring liquid, the first coloring agent and the second 
coloring agent may be separately applied onto a recording 
medium so as to form the desired image. 

This recording method may be carried out by, for 
example, separately applying the first coloring agent and 
the second coloring agent onto substantially the same 
portions of the recording medium and mix the two coloring 
agents on the recording medium to form the desired image. 
Further, the recording method may be carried out by, for 
example, separately applying the first coloring agent and 
the second coloring agent onto adjacent portions of the 
recording medium to form the desired image by area ratio 
gradation. With these methods, the coloring agents may be 
applied either onto substantially the same portions or 
adjacent portions by various compounding ratio according 
to the desired color. Accordingly, for example, the image 
forming may be performed by a recording agent mixed by an 
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appropriate ratio, thus further improving picture quality. 

Further, in addition to the foregoing arrangement, 
the present invention may be a recording agent satisfying 
Rm = (l-xy) Ro+xyRf by using a parameter y (y is a positive 
real number), where Ro expresses the spectral reflectance 
of the first coloring liquid, Rf expresses the spectral 
reflectance of the second coloring liquid, x expresses 
compounding of the second coloring liquid of the 
recording agent, and Rm expresses the spectral 
reflectance of the created recording agent; wherein the 
first coloring agent and the second coloring agent are 
individually applied to substantially the same portion on 
the recording medium in the compounding ratio x so as to 
mix two liquids on the recording medium. 

Accordingly, the coloring agents may be applied by a 
desirable compounding ratio. Thus, for example, by 
performing recording by the coloring agents mixed by an 
appropriate ratio, it is possible to improve picture quality. 

Further, the present invention may be enforced as a 
recording device for forming an image on a recording 
medium with the foregoing recording method. This 
recording device performs image forming with a wider color 
reproduction range while suppressing the color difference 
with the actual color, thus outputting a high quality image. 

Further, the present invention may be enforced as a 
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recording medium on which an image is recorded through 
the foregoing recording method. In this case, it is possible 
to obtain a recording medium with a high quality printed 
image. 

In order to solve the foregoing problems, an image 
forming method according to the present invention forms an 
image through subtractive color mixing by using a recording 
agent of plural color components different in hue, the 
recording agent containing a first coloring agent expressing 
one of the color components and a second coloring agent 
identical in hue to the first coloring agent, the recording 
agent having a higher spectral reflectance than a spectral 
reflectance of the first coloring agent. 

In this arrangement, the recording agent is created 
by mixing the first coloring agent indicating a color 
component for subtractive color mixing, and the second 
coloring agent identical in hue to the first coloring agent. 
Further, this recording agent has a higher spectral 
reflectance than that of the first coloring agent. On this 
account, by using the recording agent as the color 
component for subtractive color mixing, it is possible to 
reproduce color higher in brightness and saturation than 
the use of the first coloring agent, thus enlarging color 
reproduction range. 

Here, the following explains a reason why the 
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saturation of the recording agent becomes higher than that 
of the first coloring agent when the spectral reflectance of 
the recording agent is higher than that of the first coloring 
agent. 

The way of color perception by human's eyes can be 
expressed by tristimulus values XYZ, shown in the formulas 
(15) through (17) below. 

r 700 

X = K S(X)x(X)R(X)dX ■ • ■ (15) 
J400 

r 700 

Y = K S(k)y(X)R(X)dX • ■ ■ (16) 
J400 

r 700 

Z = K S(X)z(X)R(X)dk ■ ■ • (17) 
•400 

r 700 

K = 100/ S(X)y(X)dX ■■■(18) 
Jtoo 

where x(A), y(A) and "z"(A) express color matching 
functions of a XYZ color system; R(A) expresses spectral 
reflectance factor; and S(A) expresses spectral distribution 
of light source (standard light for color display, such as 
Des). 

Here, it is assumed that the spectral reflectance 
factor R(A) is identical to the spectral reflectance of the 
foregoing recording agent. 
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Further, the L*a*b* values according to the L*a*b* 
color system (CIE: Commission Internationale de l'Eclairage: 
International lighting committee/ L*: Brightness, a* and b*: 
chroma) are associated with the tristimulus values XYZ 
above as shown in Formulas (19) through (21) below. 



where Xn, Yn and Zn express tristimulus values on a 
perfect reflecting diffuser. 

Here, it is assumed that the spectral reflectance of 
the recording agent is higher than that of the first coloring 
agent. In this case, since the respective tristimulus values 
XYZ increase with an increase of the value of R(A), the 
brightness L* tends to increase. Also, since the saturation 
relies on the level relationship between XYZ, the level 
relationship of XYZ can be assumed based on the spectral 
reflectance of cyan, magenta and yellow as follows. 

Cyan: Z>X>Y 

Magenta: X>Z>Y 

Yellow: X«Y>Z 

Accordingly, the chromas a* and b* both increase as 
the value R(A) increases, thus increasing saturation. 

Note that, the foregoing method allows control of the 



L*=116(Y/Yn) (1/3) -16 

a* = 500{(X / Xn) (1 /3) - ( Y / Yn) (1 /3) } 
b* =200{(Y/Yn) (1/3) -(Z/Zn) (1/3) } 



-■■(19) 



■ ■ ■ (20) 



■••(21) 
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compounding of the second coloring agent at an arbitrary 
ratio, and therefore it allows the use of plural different color 
components within the same hue range. In contrast, in the 
method of the Document 1 (see Paragraph 0065), an 
increase of the compounding ratio causes less increase of 
color reproduction. In this view, it is likely that the 
method of Document 1 has some difficulties to achieve the 
foregoing enlargement of color reproduction range. 

Further, the method of the Document 1 uses a 
recording agent in which general ink as color components 
used for subtractive color mixing is mixed with a 
fluorescent material having a reflectance peak in the same 
wavelength area as the reflectance peak of the general ink. 
In this way, it is possible to cancel sub-absorbency in the 
reflectance peak, thus achieving enlargement of color 
reproduction range upon image forming through subtractive 
color mixing. However, since "the fluorescent material 
having a reflectance peak in the same wavelength area as 
that of the ink" also contains a fluorescent material 
different in hue from the ink, there causes a problem of a 
change in hue of the general ink as a result of addition of 
the fluorescent material. Accordingly, the method fails to 
maintain hue uniformity of the general ink of color 
components for subtractive color mixing, thus raising a 
possibility of image quality degradation in reproducing an 
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image through subtractive color mixing. On the other 
hand, the present invention provides a technology immune 
to such a possibility of image quality degradation since the 
first coloring agent and the second coloring agent are 
identical in hue. 

In order to solve the foregoing problems, a recording 
agent according to the present invention is a recording 
agent of a color component used for color reproduction 
through subtractive color mixing, the recording agent 
mainly containing a first coloring agent expressing the color 
component and a second coloring agent identical in hue to 
the first coloring agent, the recording agent having a higher 
spectral reflectance than a spectral reflectance of the first 
coloring agent. 

With this arrangement, the recording agent mainly 
contains a first coloring agent expressing one of the color 
components for subtractive color mixing and a second 
coloring agent identical in hue to the first coloring agent. 
Further, this recording agent has a higher spectral 
reflectance than the first coloring agent. Therefore, the 
recording agent is the same in hue range as the first 
coloring agent, but higher in brightness and/or saturation 
than the first coloring agent. In other words, the recording 
agent mainly containing the first and second coloring 
agents has the same hue range as that of the first coloring 
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agent, but performs reproduction with colors of high 
brightness and/ or saturation, which cannot be achieved by 
a recording liquid made only of the first coloring agent. On 
this account, by using the foregoing coloring agent as a 
color component for subtractive color mixing, it is possible 
to reproduce color higher in brightness and/or saturation, 
which cannot be achieved by composition of first coloring 
liquid and another coloring liquid having different hue, thus 
enlarging color reproduction range. 

In addition to the foregoing arrangement, the 
recording agent according to the present invention is 
arranged so that: the first coloring agent is a 
non-fluorescent coloring agent and the second coloring 
agent is a fluorescent coloring agent. 

With this arrangement, since the recording agent is 
created by mixing a non-fluorescent coloring agent and a 
fluorescent coloring agent, the luminance component of the 
fluorescent coloring agent suppresses the sub-absorption 
component (extra absorption component/ transmission 
component) of the non-fluorescent coloring agent. As a 
result, the spectral reflectance of the recording agent 
becomes higher than that of the first coloring agent. 

Further, a fluorescent coloring agent allows 
reproduction of colors with superior brightness and 
vividness than a non-fluorescent coloring agent. Therefore, 
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the recording agent created by mixing a non-fluorescent 
coloring agent and a fluorescent coloring agent has the 
same hue range as that of the non-fluorescent coloring 
agent, but enables reproduction with brighter or more vivid 
colors due to luminance characteristic of a fluorescent 
material. Thus, color reproduction through subtractive 
color mixing using such a recording agent allows color 
reproduction superior in brightness and vividness, which 
cannot be achieved by subtractive color mixing using a 
recording agent made only of a non-fluorescent coloring 
agent. For example, when image data is scanned by an 
image input device and is outputted by an image output 
device, saturation of the input image data is unified after a 
certain value (saturated) in some cases if the image data is 
formed only by a non-fluorescent coloring agent. In this 
case, the recording agent created by mixing a 
non-fluorescent coloring agent and a fluorescent coloring 
agent allows color reproduction more similar to the colors of 
the input image. 

In addition to the foregoing arrangement, the 
recording agent according to the present invention is 
arranged so that: the recording agent contains the second 
coloring agent in a compounding ratio of x, which is given 
by: 

Rm=(l-xy) Ro+xyRf (y is a predetermined constant and 
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a positive real number), 

where Ro expresses the spectral reflectance of the 
first coloring agent, Rf expresses a spectral reflectance of 
the second coloring agent, Rm expresses the spectral 
reflectance of the recording agent created by mixing the 
first coloring agent and the second coloring agent. 

Here, as described, the spectral reflectance and the 
tristimulus values XYZ may be associated with each other 
as shown in Figures (15) through (17). Further, the L*a*b* 
values and the tristimulus values XYZ may also be 
associated with each other as shown in Figures (19) through 
(21). 

The compounding ratio x can be found as follows. 
First, the L*a*b* values (desired values) of the desired color 
of the recording agent is decided in advance. Meanwhile, 
the spectral reflectance of the first coloring agent and the 
spectral reflectance of the second coloring agent can be 
measured in advance. Then, the spectral reflectance of the 
recording agent obtained by an arbitrary compounding ratio 
of the second coloring agent is calculated according to the 
Formula: Rm=(l-xy) Ro+xyRf. Further, the resulting 
spectral reflectance is substituted in the value R(A) of the 
Figures (15) through (17) and then the L*a*b* values are 
calculated in accordance with Figures (19) through (21). In 
this manner, it is possible to obtain the L*a*b* values of the 
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recording agent created with the arbitrary compounding 
ratio of the second coloring agent. 

Further, by repeating this calculation at random with 
different compounding ratios until the resulting L*a*b* 
values become substantially identical to the desired color of 
the recording agent (i.e., until the color difference becomes 
minimum), it is possible to find an appropriate 
compounding ratio. 

Note that, the value S(A) in Figures (15) through (17) 
may be a spectral distribution of a standard light source, 
for example. In this manner, the compounding ratio x of 
the second coloring agent with respect to the recording 
agent may be easily found based on the Formula: Rm=(l-xy) 
Ro+xyRf, without actually mixing real coloring agents to 
confirm the desired color. 

In addition to the foregoing arrangement, the 
recording agent according to the present invention is 
arranged so that: the y as a predetermined constant and a 
positive real number satisfies 2<y<3. 

The parameter y as a predetermined constant and a 
positive real number is set in a range of 2<y<3 upon 
calculation of the spectral reflectance according to the 
Formula: Rm=(l-xy) Ro+xyRf. By setting this range, it is 
possible to find an appropriate compounding ratio for giving 
the smallest color difference between the L*a*b* values 
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calculated according to the spectral reflectance Rm with the 
foregoing Formula and the actual measurement L*a*b* 
values of a real recording agent created based on the 
calculated compounding ratio. More specifically, by setting 
the y to 2<y<3, the calculated L*a*b* values of the recording 
agent by using the Formula: Rm=(l-xy) Ro+x^Rf becomes 
similar to the actual color of the recording agent. 

In order to solve the foregoing problems, an image 
forming device according to the present invention includes 
recording agents of plural color components different in hue 
so as to form an image on a recording medium through 
subtractive color mixing, the image forming device including 
a plurality of head sections with a plurality of discharging 
sections for individually discharging on the recording 
medium a first coloring agent expressing one of the color 
components and a second coloring agent identical in hue as 
the first coloring agent so as to mix the first coloring agent 
and the second coloring agent on the recording medium in 
order to generate a color component having a spectral 
reflectance higher than a spectral reflectance of the first 
coloring agent. 

With this arrangement, the image forming device 
includes a plurality of head sections with a plurality of 
discharging sections for individually discharging the first 
coloring agent of one of the color components for 
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subtractive color mixing, and the second coloring agent in 
the same hue. With this function, the first coloring agent 
and the second coloring agent may be applied onto the same 
or adjacent portions of the recording medium. Thus, it is 
possible to mix the first coloring agent and the second 
coloring agent in the same hue on the recording medium, 
thus creating a color component identical in hue to the first 
coloring agent. 

Note that, in an image forming device using a 
recording agent created by previously mixing the first 
coloring agent and the second coloring agent in the same 
hue in a specific compounding ratio, the colors to be 
expressed are automatically determined. On the other 
hand, the image forming device of the present invention 
applies the first coloring agent and the second coloring 
agent from the head sections and then mix the two coloring 
agents on a recording medium. With this structure, the 
two coloring agents can be mixed in an arbitrary 
compounding ratio, thus achieving a wider color 
reproduction. 

Thus, by carrying out color reproduction through 
subtractive color mixing with this image forming device, it 
is possible to reproduce colors higher in brightness and/or 
saturation, which cannot be achieved by the first coloring 
agent, thus enlarging color reproduction range. Further, 
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since the first and second coloring agents are mixed at an 
arbitrary ratio, it is possible to obtain a wider color 
reproduction range than the recording agent containing the 
first coloring agent and the second coloring agent at a 
specific ratio. 

In addition to the foregoing arrangement, the 
recording agent according to the present invention is 
arranged so that: the first coloring agent and the second 
coloring agent are applied onto substantially identical 
portions of the recording medium. 

With this arrangement, since the first coloring agent 
and the second coloring agent are individually applied onto 
the same portion of a recording medium, the first coloring 
agent and the second coloring agent may be mixed on the 
portion. As a result, the created color component has the 
same hue range as that of the first coloring agent but has a 
higher spectral reflectance than the first coloring agent. 
Further, the first coloring agent and the second coloring 
agent may be mixed in an arbitrary compounding ratio, 
thus expressing a large number of colors. 

In addition to the foregoing arrangement, the 
recording agent according to the present invention is 
arranged so that: the first coloring agent and the second 
coloring agent are applied onto adjacent portions of the 
recording medium from the head sections. 
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With this arrangement, since the first coloring agent 
and the second coloring agent are individually applied onto 
adjacent portions of a recording medium, the first coloring 
agent and the second coloring agent may be expressed by 
area ratio gradation. As a result, the created color 
component has a higher spectral reflectance than the first 
coloring agent. Further, the first coloring agent and the 
second coloring agent may be mixed in an arbitrary 
compounding ratio, thus expressing a large number of 
colors. 

In addition to the foregoing arrangement, the image 
forming device according to the present invention is 
provided with the foregoing recording agent. 

Note that, in an image forming device using a 
recording agent created by previously mixing the first 
coloring agent and the second coloring agent in the same 
hue in a specific compounding ratio, the colors to be 
expressed are automatically determined. On the other 
hand, the image forming device of the present invention 
applies the first coloring agent and the second coloring 
agent from the head sections and then mix the two coloring 
agents on a recording medium. With this structure, the 
two coloring agents can be mixed in an arbitrary 
compounding ratio, thus achieving a wider color 
reproduction. 
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The embodiments and concrete examples of 
implementation discussed in the foregoing detailed 
explanation serve solely to illustrate the technical details of 
the present invention, which should not be narrowly 
interpreted within the limits of such embodiments and 
concrete examples, but rather may be applied in many 
variations within the spirit of the present invention, 
provided such variations do not exceed the scope of the 
patent claims set forth below. 



